Abstract. The photo-oxidation of ethylene propylene diene monomer (EPDM)/ layered double hydroxide (LDH) composites as well as EPDM/LDH with stabilizers is studied under accelerated UV irradiation (λ ≥ 290 nm) at 60°C for different time intervals. The development of functional groups during oxidation was monitored by FT-IR spectroscopy. The photodegradation of the pristine polymer and composites take place and the increase in hydroxyl and carbonyl groups with irradiation times, was estimated. EPDM filled LDH showed higher degradation rate than pristine EPDM, while in acidic medium EPDM/LDH showed almost equal degradation as in isolated conditions. These results show the advantages of LDHs as a filler as well as an acid killer. The effect of stabilizers is very less because of their concentration in comparison of LDH.
Introduction
Composites of organic and inorganic compounds represent an important class of engineering materials [1, 2] . Amongst the inorganic materials, smectite clays have received considerable attention because their structure exhibits the required stiffness, strength and dimensional stability. In recent years, it has been found that layered double hydroxides (LDHs), also known as hydrotalcite-like compounds (HTlcs), have attracted great attention [3] [4] [5] [6] [7] [8] [9] , because of their layered structure and high anion-exchange capacity, which enables various technical applications [10, 11] . The structure consists of positively charged brucite (magnesium hydroxide)-like layers with interlayer space containing charge compensating anions and water molecules. The metal cations occupy the centers of octahedra whose vertexes contain hydroxide ions. The octahedra are connected by edge sharing to form an infinite sheet [12, 13] . The general formula of the compounds is [M n-is a non-framework charge compensating anion (such as CO 3 2-, Cl -, SO 4 2-), and x is normally between 0.17 and 0.33. The structure is shown in (Figure 1 ). Layered double hydroxides and their derivatives are inorganic materials with a positive layer charge in which the interlayer anions can be replaced by ion-exchange processes. Owing to its high anion- Figure 1 . Structure of layered double hydroxide exchange capacity, LDHs have found many potential applications, including those in pharmaceuticals, catalyst supports, inorganic fillers and acid killers [14] to prevent the degradation of polymeric materials by effectively scavenging any acid generated during processing as well as during application. Ethylene propylene diene monomer (EPDM) rubber is widely used due to its good mechanical properties, very low unsaturation and associated resistance to ageing and ozone deterioration [15] . This is due to its saturated hydrocarbon backbone with the presence of double bonds in side chains. It has been extensively used in making automotive tire, side walls, cover strips, wires, cables, hoses, belting, roofing barriers and sporting goods. Due to its outdoor applications, the study of its durability in acidic environment is extremely important for industry as well as academic point of view. Only a few reports have focused on the degradation of EPDM rubbers in specific aggressive acidic environments [16] [17] [18] [19] .
To the best of our knowledge, the effect of LDHs on the acidic degradation of EPDM/LDHs composites has not yet been reported. In order to derive a more detailed understanding of the various factors influencing the effect of different stabilizers, the filler concentration (composition) was kept constant. This paper deals the degradation of EPDM/ LDH composites in acidic environment in presence of polychromatic irradiation (λ ≥ 290 nm). The effect of commercial stabilizers in composites has also been studied.
Experimental

Materials
The O with a ratio of Mg/Al (3:1) were slowly added to a second solution (250 ml) of NaOH (0.675 mol) and NaNO 3 (0.2 mol) under vigorous stirring at 65°C. The addition took nearly 2 hrs. The precipitate formed was filtered and washed thoroughly with 500 ml de-ionised water (at least until the pH of the filtrate was 7) and freeze dried and then aged for 20 hrs at 20°C in their mother liquor and then filtered, washed and dried. The samples were hydrothermally treated using microwave heating (8 hrs with a step-wise increase in temperature from 120 up to 180°C and a corresponding pressure of 2-10 bar). The crystalline phases were characterized by X-ray diffraction [20] .
Preparation of EPDM-layered double hydroxides composites
LDH was mixed with EPDM at 180°C with 70 rpm for 5 minutes by using a twin-screw extruder (DSM, MICRO-5). The screw length was 1365 mm and L/D was 45.5, the LDH concentration was kept 5 wt%, vulcanizing agents were added as shown in were prepared without LDH (only vulcanizers) under same experimental conditions [21] . All composites were molded into films (thickness ≈ 100 μm) at 160°C by using the hydraulic press for 10 minutes.
Photoirradiation
The photo-irradiation experiments were carried out in accelerated weathering chamber SEPAP 12/24 (M/s Material Physico Chimique, Neuilly/Marne, France) at 60°C. The chamber consists of (4·400 W) medium pressure mercury vapor lamps supplying radiation (λ ≥ 290 nm). The instrument is described elsewhere [22] . Nitric acid treated samples were also irradiated in chamber under same conditions. For acidic treatment, the samples were kept in vapour phase in a desicator, containing 5% nitric acid concentration for 3 hrs after every 25 hrs degradation intervals.
Measurement of photostabilizing efficiency
The photostabilizing efficiency of LDH on EPDM was monitored by the measurement of the carbonyl and hydroxyl group changes by FT-IR spectroscopy. The IR absorption spectral changes of the film upon irradiation with 300 nm UV light were observed for different time intervals. The data obtained were compared with pristine EPDM and EPDM/LDH with and without conventional stabilizers (Irganox 1076, Irganox 1010, Tin-P) under similar accelerated conditions.
Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) observation of EPDM/LDH composites was performed with a Philips CM300 FEG TEM instrument operated under an acceleration voltage of 300 kV. Thin sections (thickness ≈ 200 nm) for TEM observations were cut from the as-prepared composites under cryogenic conditions using a Leica ultramicrotome with a diamond knife (Figure 2 ).
Scanning electron microscopy
Surface changes of the irradiated samples were examined by SEM. The stained samples were dried under vacuum for 24 h at 50°C and the gold-coated samples were examined under electron microscope (Leica Cambridge Stereoscan 440 Model).
Results and discussion
Characterization
The LDH was characterized by XRD according to literature [20] . The XRD data between 2 and 70°, were recorded at 0.5°/min, using 
Degradation products
FT-IR spectroscopy was successfully used to study the degradation pattern and products in polymers [23, 24] . The rate of photo-oxidation was followed by monitoring the development in carbonyl and hydroxyl region by FT-IR spectra for different time intervals from 0 to 100 hrs. The increase of absorbance in the hydroxyl and carbonyl region was studied as a function of irradiation time. The absorbance of the ethylidene units at 808 cm -1 dramatically decreases and new bands appeared at 910 and 970 cm -1 , which can be assigned, respectively, to the vinyl-type unsaturations coming from Norrish II type reactions ( Figure 3 ) and to CH wag of the other double bonds derived from hydrogen abstraction reactions on allylic positions during the photooxidation as already reported in the case of EPDM [25] [26] and the photoproducts of composites were same as in the pristine EPDM [22] . increase in these regions may be attributed to the degradation of polymer matrix, which may lead to chain scission. The spectra showed that the induction period is reduced in the presence of LDH. In presence of the stabilizers also, the induction period is less than that of pristine EPDM and it may be due to interaction between the phenol groups of stabilizers and LDH. The vibrations at 1780, 1735, 1721 and 1710 cm -1 have been assigned for lactone, ester, ketone and acid groups, respectively. In the hydroxyl region, a large absorption band was observed with a maximum at 3400 cm -1 , which is due to oxidized products such as hydroperoxides and alcohols, whereas the rate of formation of these products was higher in composites than neat film. Both, the carbonyl and hydroxyl regions were increased similarly and were faster than in the pristine EPDM where no additional peak could be observed in the present system (Figures 6 and 7) . This phenomenon confirms that the presence of filler influences the degradation of EPDM but degradation products remain the same. Transition Metal elements viz., Mn(II), Fe(III), Ru(II), Co(II), etc., play a key role to enhance the rate of hydroperoxide decomposition [27] . The reason to increase the rate of degradation may be due to the presence of metal ions; which may catalyze the decomposition of hydroperoxide to alkoxy or peroxy radicals by the following mechanism and may therefore, accelerate the photo-oxidation of polymers as shown in Figure 8 .
The photo-degradation of the same compositions was studied in acidic conditions and was observed that EPDM/LDH composites showed interesting results (Figures 9 and 10 ). There is not much difference in the degradation rate in acidic and natural environment because of LDHs's acid killer nature, which enhances the LDH importance as filler. The 
Morphological aspects
SEM is a reliable tool to monitor the surface chances during degradation of polymers and interesting micrographs are shown in Figures 12 and 13 . The presence of highly eroded surface with small cavities in the samples, indicates the higher degradation after 100 hrs irradiation. A scattering pattern of small patches was observed after UV irradiation, which must be due to the generation of more oxidation products in Figure 12 than in Figure 13 , and this fact again supported the conclusion that presence of LDH enhances the degradation rate in acidic as well as isolated conditions.
Conclusions
The comparison of the kinetic curves showed the oxidation for the different samples which reveals an influence of LDH and the stabilisers on the formation of carbonylated photoproducts. It was observed that the photo-oxidative products were not changed after adding the filler, however, the rate of photo-oxidative degradation of EPDM/LDH composites is faster than that of pristine EPDM. LDHs showed good results in acidic conditions, which enhances its importance. The lower efficiency of the stabilizers could result because of high percentage LDH filler. It could be because of the adsorption of the additives onto the LDH, which partially inhibits their stabilizing activity. Kumar et al. -eXPRESS Polymer Letters Vol.1, No.11 (2007) 748-754 Figure 12 . SEM study of EPDM/LDHs composites after 100 h Photo-degradation Figure 13 . SEM study of pristine EPDM after 100 h Photo-degradation Figure 11 . The acid killer mechanism of LDHs
